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What	
  spectral	
  dimension	
  can	
  offer?	
  

Reveal	
  compensa-ng	
  differences	
  that	
  cannot	
  be	
  
revealed	
  in	
  broadband	
  diagnos-cs	
  alone.	
  



LW	
  Broadband	
   H2O	
  bands	
  (0-­‐540cm-­‐1,	
  >1400	
  cm-­‐1)	
   window	
  region	
  (800-­‐980cm-­‐1)	
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clear-­‐sky	
  green-­‐house	
  efficiency	
  	
  
AMIP	
  runs	
  forced	
  by	
  observed	
  SST	
  
	
  
Obs	
  from	
  collocated	
  AIRS	
  and	
  CERES	
  (Huang	
  et	
  al.,	
  
2008;	
  Chen	
  et	
  al.,	
  2013)	
  

(GEOS5	
  simula1on	
  provided	
  by	
  L.	
  Oreopoulos	
  et	
  al;	
  CanAM4	
  provided	
  by	
  J.	
  Cole)	
  	
  



Deriva1on	
  of	
  spectrally	
  resolved	
  
fluxes,	
  CRE,	
  and	
  feedbacks	
  

•  Observa1ons	
  
– Directly	
  invert	
  from	
  AIRS	
  radiances	
  following	
  the	
  
scene	
  type	
  classifica1on	
  of	
  CERES	
  (Huang	
  et	
  al.,	
  
2008;	
  Chen	
  et	
  al,	
  2013;	
  Huang	
  et	
  al.,	
  2014)	
  

– Outcome:	
  spectral	
  flux	
  at	
  10cm-­‐1	
  interval	
  over	
  the	
  
en1re	
  LW	
  spectrum	
  (09/2002	
  to	
  present)	
  

– Observa1on-­‐based	
  cloud	
  radia1ve	
  kernel	
  (Yue	
  et	
  
al.,	
  2016)	
  

•  Make	
  use	
  of	
  CERES/MODIS/AIRS	
  product	
  
•  A	
  composite	
  approach	
  (k-­‐NN	
  method	
  in	
  ML	
  jargon)	
  



10-­‐year	
  mean	
  spectral	
  CRE	
  over	
  the	
  different	
  
climate	
  zones	
  

37.9 Wm-2 

27.2 Wm-2 

(Huang	
  et	
  al.,	
  2014,	
  J	
  Climate)	
  



Model:	
  CESM	
  
•  NCAR	
  CESM	
  v1.1.1	
  (RRTMG_LW	
  as	
  LW	
  rad	
  scheme)	
  
•  Simple	
  code	
  modifica1on	
  to	
  output	
  band-­‐by-­‐band	
  
fluxes	
  and	
  CRE	
  over	
  each	
  RRTMG_LW	
  band.	
  

•  Spectral	
  radia1ve	
  kernels	
  (Huang	
  et	
  al.,	
  2014,	
  GRL)	
  to	
  
derive	
  spectral	
  details	
  of	
  Planck/Lapse-­‐rate/WV	
  
feedbacks	
  

•  Cloud	
  feedbacks	
  (both	
  broadband	
  and	
  band-­‐by-­‐band)	
  
–  Adjustment	
  method	
  (Soden	
  et	
  al.,	
  2008)	
  

–  Cloud	
  radia1ve	
  kernel	
  method	
  based	
  on	
  Yue	
  et	
  al.	
  (2016),	
  
built	
  for	
  every	
  RRTMG_LW	
  band.	
  



Model-­‐based	
  kernel	
  
(Zelinka	
  et	
  al.,	
  2012)	
  

January	
  	
  

July	
  
Wm-­‐2/%	
  

Wm-­‐2/%	
  

Derived	
  cloud	
  radiaWve	
  kernels	
  

CESM-­‐based	
  kernel	
  
following	
  Yue	
  et	
  al.	
  

(2016)	
  

MODIS-­‐based	
  kernel	
  
(Yue	
  et	
  al.	
  2016)	
  



Adjust:	
  0.16	
  Wm-­‐2/K	
   Kernel:0.16	
  Wm-­‐2/K	
  
LW	
  Cloud	
  feedbacks	
  for	
  2✕CO2	
  fully-­‐coupled	
  run	
  

Kernel:0.32	
  Wm-­‐2/K	
  Adjust:	
  0.23	
  Wm-­‐2/K	
   Kernel	
  –	
  Adjust:0.09Wm-­‐2/K	
  

Kernel	
  –	
  Adjust:0.008Wm-­‐2/K	
  

LW	
  Cloud	
  feedbacks	
  for	
  +2K	
  SST	
  run	
  

Cloud	
  feedbacks	
  from	
  two	
  methods:	
  adjust	
  vs.	
  kernel	
  



Results	
  



Observed	
  averages	
  of	
  2003-­‐2015	
  

CAM5	
  forced	
  with	
  observed	
  SST	
  from	
  2003	
  to	
  2015	
  
(total	
  run	
  2000-­‐2015)	
  

Differences	
  of	
  Model	
  -­‐	
  Obs	
  

Observa1on	
   Band-­‐by-­‐band	
  CRE	
  (RRTMG_LW	
  bandwidths)	
  



250-­‐500	
  cm-­‐1,1.92	
  

820-­‐980	
  cm-­‐1,7.59	
  

ObservaWon:	
  2003-­‐2015	
   CAM5	
  forced	
  by	
  observed	
  SST	
  
2003-­‐2015	
  

(Wm-­‐2)	
  

(Wm-­‐2)	
  

250-­‐500	
  cm-­‐1,	
  2.99	
   250-­‐500	
  cm-­‐1,	
  -­‐1.07	
  	
  

820-­‐980	
  cm-­‐1,7.48	
   820-­‐980	
  cm-­‐1,	
  0.11	
  

CAM5-­‐Obs	
  



Band-­‐by-­‐band	
  LW	
  cloud	
  feedback	
  in	
  the	
  NCAR	
  CESM	
  

Broadband	
  LW	
  cloud	
  feedback	
  

0.16	
  Wm-­‐2/K	
  
0.16	
  Wm-­‐2/K	
  

0.23	
  Wm-­‐2/K	
  
0.32	
  Wm-­‐2/K	
  

The	
  band-­‐by-­‐band	
  decomposi1on	
  of	
  LW	
  cloud	
  feedback	
  is	
  different	
  for	
  double	
  
CO2	
  and	
  +2K	
  SST	
  run.	
  The	
  decomposi1on	
  from	
  different	
  methods	
  can	
  be	
  different	
  
too,	
  even	
  the	
  broadband	
  numbers	
  are	
  iden1cal.	
  



10-­‐250	
  cm-­‐1,	
  0.005	
   250-­‐500	
  cm-­‐1,	
  0.044	
   500-­‐630	
  cm-­‐1,	
  0.048	
  

700-­‐820	
  cm-­‐1,0.017	
   820-­‐980	
  cm-­‐1,0.008	
   980-­‐1080	
  cm-­‐1,0.011	
  

1080-­‐1180	
  cm-­‐1,-­‐8.8✕10-­‐4	
   1180-­‐1390	
  cm-­‐1,0.019	
   1390-­‐1480	
  cm-­‐1,0.004	
  

Band-­‐by-­‐band	
  Cloud	
  radiaWve	
  feedback	
  from	
  2✕CO2	
  run	
  (Adjust	
  method)	
  

Wm-­‐2/K	
  

Wm-­‐2/K	
  

Wm-­‐2/K	
  



10-­‐250	
  cm-­‐1,	
  0.007	
  (global	
  val)	
   250-­‐500	
  cm-­‐1,	
  0.027	
   500-­‐630	
  cm-­‐1,	
  0.029	
  

700-­‐820	
  cm-­‐1,0.024	
   820-­‐980	
  cm-­‐1,0.032	
   980-­‐1080	
  cm-­‐1,0.010	
  

1080-­‐1180	
  cm-­‐1,0.012	
   1180-­‐1390	
  cm-­‐1,0.013	
   1390-­‐1480	
  cm-­‐1,0.002	
  

Band-­‐by-­‐band	
  Cloud	
  radiaWve	
  feedback	
  from	
  2✕CO2	
  run	
  (kernel	
  method)	
  

Wm-­‐2/K	
  

Wm-­‐2/K	
  

Wm-­‐2/K	
  



Short-­‐term	
  fluctuaWon	
  of	
  2003-­‐2015	
  (Preliminary)	
  

•  CESM	
  simula1on:	
  using	
  Dessler’s	
  method	
  to	
  obtain	
  
an	
  es1ma1on	
  of	
  short-­‐term	
  cloud	
  feedback	
  

•  Observa1on:	
  applying	
  Yue	
  et	
  al.	
  (2016)	
  to	
  MODIS,	
  
AIRS	
  and	
  CERES	
  data	
  to	
  obtain	
  the	
  same	
  quan1ty	
  
(preliminary)	
  

CESM,	
  0.61	
  Wm-­‐2/K	
   Obs,	
  -­‐0.21	
  Wm-­‐2/K	
  



Long-­‐term	
  vs.	
  short-­‐term	
  contrast	
  

Broadband	
  LW	
  cloud	
  feedback	
  	
  
Fully	
  coupled	
  run	
  (long-­‐term):	
  0.16	
  Wm-­‐2/K	
  
+2K	
  SST	
  run	
  (long-­‐term):	
  0.23	
  Wm-­‐2/K	
  
AMIP	
  run	
  (short-­‐term):	
  0.61	
  Wm-­‐2/K	
  
Observa1on	
  (short-­‐term):	
  -­‐0.21	
  Wm-­‐2/K	
  

Band-­‐by-­‐band	
  par11oning	
  of	
  LW	
  CRE	
  
Long-­‐term	
  vs.	
  short-­‐term	
  	
  
2xCO2	
  vs.	
  +2K	
  SST	
  

2xCO2	
  

2xCO2	
  



Conclusion	
  and	
  Discussion	
  

•  Spectral	
  decomposi1on	
  helps	
  revealing	
  
compensa1ng	
  biases.	
  	
  
– Compensa1ng	
  biases	
  (t;	
  x,	
  y,	
  p)	
  vs.	
  (t;	
  x,	
  y,	
  v)	
  	
  

•  Different	
  ways	
  of	
  es1ma1ng	
  cloud	
  feedbacks	
  
can	
  lead	
  to	
  different	
  spectral	
  decomposi1on.	
  

•  The	
  long-­‐term	
  vs.	
  short-­‐term	
  cloud	
  feedbacks	
  
have	
  different	
  spectral	
  decomposi1on	
  
–  Implica1ons	
  for	
  emergent	
  constrains	
  

	
  



T(z)	
  

qH2O(z)	
  
qO3(z)	
  
qCH4(z)	
  
…	
  

Aerosols	
  

Tskin,	
  εs(v)	
  

Geophysical  variables	
 Broadband  Radiation  Budget	


F = Fv dvΔv∫

ITOA (v;θ,φ)
Broadband  Radiative  Feedbacks	


λx = −
δx F
δX

δX
δTs

Spectral  Radiances	


Sounding  community	

Energy  budget  and  feedbacks	

community	


Spectral  Flux	

Fv = dφ ITOA (v;θ,φ)cosθ sinθ dθ0

π
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∫
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δx Fv
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δX
δTs

Spectral  
Radiative  
Feedbacks	


Cloud,	
  	
  
ISCCP	
  effort	
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CESM	
  cloud	
  radia1ve	
  kernel	
  
! 3-­‐hourly	
  CESM	
  output	
  from	
  coupled	
  CESM	
  runs	
  (3	
  years	
  
of	
  control	
  run);	
  

! Mean	
  cloud	
  top	
  pressure	
  is	
  calculated	
  as	
  the	
  average	
  of	
  
pressure	
  on	
  different	
  layer	
  weighted	
  by	
  layer	
  cloud	
  
frac1on;	
  

! In	
  cloud	
  op1cal	
  depth	
  is	
  computed	
  from	
  liquid/ice	
  water	
  
content	
  using	
  method	
  in	
  Chen	
  et	
  al.	
  (2013);	
  then	
  mean	
  
cloud	
  op1cal	
  depth	
  is	
  weighted	
  average	
  by	
  layer	
  cloud	
  
frac1on.	
  

! ISCCP-­‐like	
  histogram	
  is	
  generated;	
  
! Cloud	
  radia1ve	
  kernel	
  is	
  computed	
  by	
  dividing	
  mean	
  CRF	
  
by	
  mean	
  cloud	
  frac1on	
  for	
  each	
  bin	
  of	
  the	
  histogram.	
  

Yue	
  et	
  al.	
  (2016)	
  



A trait of spectral (band-by-band) CRE 

CRELW =σTs
4 −[ fσTc

4 + (1− f )σTs
4 ]= f σTs

4 −σTc
4"# $%

CRE(Δv) = f [Fclr (Δv)−Fcld (Δv)] 
Fractional contribution 

r(Δv) = CRE(Δv)
CRELW

=
Fclr (Δv)−Fcld (Δv)

σTs
4 −σTc

4"# $%
           

τ>>1	
  
Cloud	
  frac1on:	
  f	
  

Fclr(Δv) 

Surface 

Fcld(Δv) 

Tc 

Ts 

r(Δv) changes with Tc 

288K 
250K 
220K 

1.  Blackbody cloud 
2.  Ignore atmospheric absorption 

Band-to-Band ratio: sensitive to CTH but not cloud amount 
LW CRE: sensitive to both CTH and cloud amount 
Outcome: ratio-then-broadband approach (Huang et al., 2014, J Climate) 



AIRS2CERES:	
  
Average	
  of	
  2003-­‐2015	
  

Fully	
  coupled	
  run:	
  
Average	
  of	
  Years	
  6-­‐35	
  



Prescribed	
  run	
  
forced	
  with	
  
observed	
  SST:	
  
Average	
  of	
  Years	
  
2003-­‐2015	
  



10-­‐250	
  cm-­‐1,	
  0.005	
  (global	
  val)	
   250-­‐500	
  cm-­‐1,	
  0.044	
   500-­‐630	
  cm-­‐1,	
  0.095	
  

700-­‐820	
  cm-­‐1,0.102	
   820-­‐980	
  cm-­‐1,0.017	
   980-­‐1080	
  cm-­‐1,0.017	
  

1080-­‐1180	
  cm-­‐1,-­‐2✕10-­‐4	
   1180-­‐1390	
  cm-­‐1,0.020	
   1390-­‐1480	
  cm-­‐1,0.004	
  

Band-­‐by-­‐band	
  Cloud	
  radiaWve	
  feedback	
  from	
  2✕CO2	
  run	
  

Wm-­‐2/K	
  

Wm-­‐2/K	
  

Wm-­‐2/K	
  



Long-­‐term	
  vs.	
  short-­‐term	
  contrast	
  

Broadband	
  LW	
  cloud	
  feedback	
  	
  
Slab	
  ocean	
  run:	
  0.25	
  Wm-­‐2/K	
  
Fully	
  coupled	
  run:	
  0.31	
  Wm-­‐2/K	
  
Forced	
  SST	
  run:	
  0.61	
  Wm-­‐2/K	
  
Observa1on:	
  -­‐0.21	
  Wm-­‐2/K	
  

***Do	
  we	
  have	
  an	
  update	
  on	
  this	
  slide,	
  especially	
  the	
  obs	
  plot?	
  



What	
  spectral	
  dimension	
  can	
  offer?	
  
Reveal	
  compensa-ng	
  differences	
  that	
  cannot	
  be	
  
revealed	
  in	
  broadband	
  diagnos-cs	
  alone.	
  

Spectral	
  decomposi1on	
  of	
  
broadband	
  lapse-­‐rate	
  
feedback	
  	
  
(Huang	
  et	
  al.,	
  2014,	
  GRL)	
  



500-­‐630	
  cm-­‐1	
  (2.61	
  Wm-­‐2)	
  

820-­‐980	
  cm-­‐1	
  (7.59	
  Wm-­‐2)	
  

ObservaWon:	
  2003-­‐2015	
   CAM5	
  forced	
  by	
  observed	
  SST	
  
2003-­‐2015	
  

(Wm-­‐2)	
  

(Wm-­‐2)	
  

500-­‐630	
  cm-­‐1	
  (2.89Wm-­‐2)	
   500-­‐630	
  cm-­‐1	
  	
  (-­‐0.28	
  	
  Wm-­‐2)	
  

820-­‐980	
  cm-­‐1	
  (7.48	
  Wm-­‐2)	
   820-­‐980	
  cm-­‐1	
  (-­‐0.10	
  Wm-­‐2)	
  

CAM5-­‐Obs	
  



500-­‐630	
  cm-­‐1	
  

820-­‐980	
  cm-­‐1	
  

ObservaWon:	
  2003-­‐2015	
   CAM5	
  forced	
  by	
  observed	
  SST	
  
2003-­‐2015	
  

(Wm-­‐2)	
  

(Wm-­‐2)	
  

500-­‐630	
  cm-­‐1	
   500-­‐630	
  cm-­‐1	
  

820-­‐980	
  cm-­‐1	
   820-­‐980	
  cm-­‐1	
  

CESM	
  fully-­‐coupled	
  run	
  
30-­‐year	
  mean	
  

***	
  Please	
  make	
  another	
  page	
  with	
  two	
  plots	
  for	
  CAM5-­‐Obs	
  (i.e.,	
  middle	
  column	
  –	
  lev	
  column)	
  


